Introduction
It is known that macrophages possess membrane receptors for Fe portion of immunoglobulin G (IgG) and C3 component of the complement system, which enable the cells to recognize and ingest foreign particles.1) Without these receptors, phagocytic recognition can still take place by direct binding of foreign substances such as bacteria, latex beads, zymosan (Z) and chemically altered red blood cells to the membrane of phagocytic cells.
2) It is important to know the chemical principles of opsonin-free recognition by phagocytes in order to understand the self-defense mechanisms against invasion by foreign substances, especially before initiation of the immunological responses. Previously, Rabinovitce reported that red blood cells modified by exposure to periodate exhibit typical rosette formation at the macrophage cell surface and recently, Capo et al.4) described the opsonin-independent phagocytosis of aldehyde-treated erythrocytes by macrophages, though the chemical properties of the binding site were not elucidated clearly. The present studies were performed to clarify the mechanisms which govern the discriminatory qualities of macrophages in opsonin-independent recognition. For this purpose, we have examined the effect of periodate treatment of sheep red blood cells (SRBC) on the phagocytosis by and binding to guinea pig peritoneal macrophages, and the properties of the recognition site for periodate-treated SRBC (P-SRBC) were studied and compared with those of the sites for other particles such as IgG-coated SRBC (IgG-SRBC), Z, serum-treated zymosan (STZ) and latex beads. It was indicated that P-SRBC could be ingested by guinea pig macrophages, as could the other particles tested, and the site for recognition of P-SRBC was distinct from the sites for other particles in terms of sensitivity to trypsin digestion, and responses to treatment with concanavalin A (ConA) and sensitization with anti-macrophage rabbit IgG antibodies. The chemical properties of the recognition site for P-SRBC are discussed in relation to those of the receptors for IgG, C3b and Z. SRBC was decreased markedly by pretreatment of macrophages with increasing amounts of ConA, while Fc-and C3-mediated phagocytosis were not affected significantly (Fig. 6 ). In contrast, increased ingestion of Z was observed in the region of low concentration of ConA.
Effect of Anti-macrophage IgG-Antibodies To examine whether the site for recognition of P-SRBC could be discriminated immunologically from the sites for other particles, macrophage monolayers were treated with rabbit IgG-antibodies against guinea pig peritoneal macrophages and the phagocytic activity for P-SRBC was determined and compared with the activities for various other particles. As can be seen in Fig. 7 , after sensitization with the antibodies, the phagocytic activity for Z decreased dependently on the amount of antibodies and was abolished at the highest concentration of antibodies tested. The activities for IgG-SRBC and STZ decreased to under 20% and 60%of the original values, respectively, with the same amount of antibodies. In contrast, phagocytosis of P-SRBC decreased only slightly even at the highest concentration of IgG used in this experiment.
Discussion
The opsonin-independent recognition and ingestion of particles by phagocytes are essential for elimination of senescent self-materials and foreign substances, especially before the induction of immune responses. Rabinovitch has already described the attachment of P-SRBC to macrophages, but the experimental conditions for treatment of SRBC with periodate and the properties of the binding site on phagocytes were not studied in detail.3) In this paper, we have demonstrated that when SRBC were treated with periodate in acetate buffer, the resultant P-SRBC could be ingested by macrophages in proportion to the concentration of periodate used for modification. It was found that the binding sites on macrophage cells were sensitive to trypsin digestion and that after elimination of the trypsin, phagocytic activity was restored to 80% of the original value by incubation for 5 h at 37 °C. Furthermore, the restoration of the activity was inhibited by.cycloheximide and tunicamycin. These results imply that the binding sites for P-SRBC on macrophage cells involve glycoproteins. This conclusion was supported by the observation that ingestion of P-SRBC was inhibited by pretreatment of macrophages with ConA. Pretreatment of macrophages with phospholipase c before trypsinization decreased the activities of the cells markedly, but the decrease was not observed after treatment with the enzyme alone. It is possible that phospholipid is essential for assembly of the binding site on macrophage cell surface. The binding site for P-SRBC is distinct from the sites for other particles in several respects. Namely, IgG receptors are insensitive to trypsin digestion and ingestion of latex beads is not affected by trypsin digestion or anti-macrophage IgG. On the other hand, ingestion of Z was decreased markedly by treatment with a low concentration of trypsin and the activity was not restored significantly by incubation at 37 °C. In contrast, C3b receptors were inactivated by trypsin digestion and restored by subsequent incubation at 37 °C as binding sites for P-SRBC, but were distinct from the sites for P-SRBC in that preincubation of macrophages with increasing concentrations of ConA decreased the ingestion of P-SRBC markedly while ingestion of STZ was not affected significantly by the same treatment. Concerning the effect of pretreatment of macrophages with phytohemagglutinins, wheat germ agglutinin (WGA) and ricinus commnis agglutinin-1 (RCA-1) decreased the ingestion of P-SRBC as did ConA, while peanut agglutinin (PNA), soybean agglutinin (SBA), maclura pomifera ggglutinin (MPA), dolichos biflorus agglutinin (DBA) and bandeiraea simplicifolia agglutinin-1 (BSA-1) has no effect on the ingestion of P-SRBC (data not shown). These results further support the conclusion that glycoproteins participate in the ingestion of P-SRBC by macrophages. After treatment of macrophages with these lectins, attachment to or ingestion by macrophages of native SRBC was not observed.
Concerning opsonin-independent phagocytosis, Capo et al. reported that treatment of red blood cells with aldehydes allowed the cells to be ingested by rat macrophages, and they suggested that aldehyde-mediated phagocytosis of SRBC was due to both increased local rigidity and modified hydrophobicity of the cell surface induced by cross-linking of the cell membrane structures.4) In 1978, Czop et al. reported that human monocytes ingest Z and heterologous red blood cells without exogenous opsonin and demonstrated that these recognition sites were sensitive to trypsin digestion.9) In the present work the binding site for P-SRBC was discriminated clearly from the site for Z as follows. First, after treatment of macrophages with ConA, phagocytosis of P-SRBC but not of Z decreased dose-dependently; second, sensitization of macrophages with antibodies caused marked and slight decreases of the ingestion of Z and P-SRBC, respectively; third, the site for Z was destroyed by treatment with a low concentration of trypsin, in contrast to the site for P-SRBC, and the activity was not restored during 5 h of incubation. Treatment of macrophages with increasing concentrations of trypsin reduced the phagocytosis of P-SRBC to one-half of the original value while the activity for Z was lost entirely (Fig. 3) . It is possible that macrophages possess two kinds of binding site for P-SRBC, and one of which is insensitive to trypsin digestion. Treatment of SRBC with periodate could induce chemical modification of glycoside chains, lipids and proteins on the cell membranes, resulting in recognition by macrophages, though the nature of the modifications is not known chemically. The relationship of phagocytosis to the stimulation of biological responses such as superoxide anion release and lysosomal enzyme release needs to be examined. The mechanisms of the opsonin-independent recognition of particles by macrophages, especially the protein chemical properties of the binding sites for P-SRBC and Z on the phagocytes, are under investigation.
